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(54) Brake caliper with internal motor 

(57) A brake caliper comprises a motor (30) having 
a shaft (32), at least one first planetary gear (36), and 
at least one second planetary gear'(44). The at least 
one first planetary gear is rotatably engaged with the 
shaft and with a piston, and Is operatively engaged with 
a first carrier (38). The at least one second planetary 



gear is operatively engaged with the first stage carrier 
and with a second carrier (46). A ball screw (48) is en- 
gaged with the second stage carrier for rotation there- 
with, and a ball screw nut (50) is operatively engaged 
with the ball screw. A parking brake for the caliper is also 
provided. 
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Description 

Technical Fieid 

[0001] The present Invention relates generally to 
brakes for motor vehicles, and more particularly to an 
electric caliper for a brake system in a motor vehicle. 

Background of the Invention 

[0002] A brake system for a motor vehicle, and in par- 
ticular an automotive vehicle, functionally reduces the 
speed of the vehicle or maintains the vehicle in a rest 
position. Various types of brake systems are commonly 
used in automotive vehicles, Including hydraulic, anti- 
lock or "ABS." and electric or "brake by wire." For exam- 
ple, in a hydraulic brake system, the hydraulic fluid 
transfers energy from a brake pedal to a brake pad for 
slowing d.6wn or stopping rotation of a wheel of the ve- 
hicle. Electronics control the hydraulic fluid in the hy- 
draulic brake system. In the electric brake system, the 
hydraulic flu id Is eliminated. Instead, the application and 
release of the brake pad is controlled by an electric cal- 
iper. 

[0003] Generally, the electric caliper Includes a motor 
and a gear system. Typically, either a few large gears or 
many small gears for the gear system are needed to 
achieve the necessary load transfer. Also, the geometry 
of the motor Influences its efficiency, since the preferred 
shape is long and thin. However,, there is a limited 
amount of space available in the wheel for packaging 
the type of gears or motor necessary to obtain the same 
load transfer as in the hydraulic brake system. There- 
fore, space limitations constrain the use of an electric 
caliper in an automotive vehicle. 

Summary of the Invention 

[0004] The present invention is a brake caliper com- 
, prising a motor having a shaft, at least one first planetary 
gear, and at least one second planetary gear. The at 
least pne first planetary gear is rotatably engaged with 
the shaft and with a. piston, and is operatlvely engaged 
with a first carrier. The at least one second planetary 
gear Is operatlvely. engaged with the first stage carrier 
and with a second carrier. A ball screw is engaged with 
the second stage carrier for rotation therewith, and a ball 
screw nut is operatlvely engaged with the ball screw. A 
parking brake for the caliper Is also provided. . 
[0005] Accordingly, it is an object of the present inven- 
tion to provide a caliper of the type described above with 
a large diameter piston and a shorter package length. . 
[0006] Another object of the present invention is to 
provide a caliper of the type described, above Including 
a motor that can be packaged inside of the ball screw. • 
[0007] Sllir another object of the presienl invention is 
to provide a callperof the type described above in which 
the electronics are disposed at a distance from the;rotor. 



[0008] Still another object of the present invention is 
to provide a caliper of the type described above having 
a park brake feature. 

[0009], These and other features and advantages of 
5 the Invention will become further apparent from the fol- 
lowing detailed description of the presently preferred 
embodiments, read in conjunction with the accompany- 
ing drawings. The detailed description and drawings are 
merely illustrative of the invention rather than limiting, 
"fo the scope of the invention being defined by the append- 
ed claims and equivalents thereof. 

Brief Description of the Drawings 

^5 [0010] The present invention will now be described, 
by way of example, with reference to the accompanying 
drawings, in which:- 

Figure 1 is a cross-sectional view of an electric cal- 
^0 iper according to the present invention; and 

Figure 2 is a cross-sectional view taken along line 
2-2 in FIG. 1. 

Description of the Preferred Embodiment 

25 

[0011] Figure 1 shows one embodiment of an electric 
caliper 1 0 according to the present invention for a brake 
system, such as of the disc brake type to slow or stop 
rotation of a wheel (not shown) of a motor vehicle. The 

^0 brake system includes a brake pedal (not shown) which 
corhmunicates a signal from a driver of the motor vehicle 
to the electric caliper 10. Rotation of a disc or rotor 12 
is retarded or stopped by engaging the electric caliper 
10 which displaces a pair of resilient friction elements 

35 that engage the disc 12, as described below. 

[0012] The electric caliper 10 includes a cylindrical 
housing 14 having a bore 16 and an L-shaped bridge 
18 extending transversely from a front end of the hous- 
ing 14. The bridge 18 has a lep 20 to. move or displace 

"io an outer brake pad 22 as will be described. The electric 
caliper 10 also includes a conventional, generally Li- 
shaped brake pad attachnient bracket 24 positioned 
around the bridge 18 and operatlvely attached to the 
housing 14. For example, a conventional rod (not 

^5 shown) interconnects the housing 14 and the attach- 
ment bracket 24 such that the housing 1 4 is transversely 
§lidable along the rod, as will be described. It should be 
appreciated that the attachment bracket 24 Is also fix- 
edly attached to vehicle structure of the motor vehicle. 

50 [0013]. the electric caliper 10 also Includes an inner 
brake' pad 26 extending radially from an inner attach- , 
m'ent bracket leg 28 closest to the housing 14. The disc 
12 extends between the outer and inner brake pads 22 
• and 26. It should be appreciated that. In this example, 
55 the electric caliper 10 is of the floating type. During brak- 
. ing. the inner brake pad 26 engages the disc 12, and 
the resulting reactionary force pulls outer brake pad 22 
: into engagement with the disc. . • ' 
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[0014]: A motor 30 is provided for controlling the en- 
gagement of the inner brake pad 26 and outer brake pad 
22. The motor 30 is fixedly mounted within the bore 16 
in the housing 14, The motor 30 includes an axially ex- 
tending shaft 32 which drives a pinion gear 34. The pin- 
ion 34 in turn rotatably engages a plurality of first stage 
planetary gears 36. The planetary gears 36 are pinned 
to a first stage output gear 38, and travel about internal 
teeth on a piston 40 slidably disposed in the bore 16. 
The first stage output gear 38 is fixed to a bearing sleeve 
42, which also rotates freely on the motor shaft 32. The 
bearing sleeve 42 includes a set of external teeth that 
mesh with a second set of planetary gears 44 that also 
engage the internal teeth of the piston 40. The planetary 
gears 44 are mounted on pins extending axially from a 
second stage output plate 46. 

[0015] In operation, a brake pedal is electrically con- 
nected to electronics 45 that control the electric caliper 
10. The application of a force to the brake pedal initiates 
operation of the motor 30, which rotates the shaft 32, 
the pinion 34, and the first stage planetary gears 36. The 
planetary gears 36 correspondingly rotate the first stage . 
output gear 38 and, through the bearing sleeve teeth 
and the secondary planetary gears 44, the second stage 
carrier46. The second stage carrier 46, by splines, keys 
or any other suitable structure, in turn rotates a ball 
screw 48. The ball screw 48 operably engages a ball 
screw nut 50 to form a pathway or ball race in which 
rolling elements, such as spherical balls 52. may be dis- 
posed. 

[0018] The ball screw nut 50 is driven into a retaining 
clip 54, or alternately into a flange on the housing 14, 
after which point the housing is driven to the right as 
shown In FIG, 1 to draw the outside brake pad 22 into 
the rotor 12. The resulting reactionary force drives the 
ball screw nut 50 into a thrust washer 56. The thrust 
washer in turn drives the piston 4'0, including the plan- 
etary gear train assembly and the motor assembly, into 
the inside brake pad 26. forcing the inside brake pad 
into the inside of the rotor 12 to create the required brake 
torque! 

[0017] The present invention thus provides a caliper 
with a large diameter piston and a shorter package 
length. The caliper allows the motor 30 to be packaged 
inside of the ball screw 48, with the planetary gear train 
located outside of the ball screw. Because the planetary 
gear train Is riot confined to fit into the inside diameter 
of the ball screw, the gear train can be larger in diameter 
and shorter in overall length for increased gear ratio. 
Moreover, the location of the gear train close to the high 
temperatures generated at the rotor allows the electron- 
ics 45 to be mounted directly to the motor 30 and away 
from the rotor 12. 

[0018] -To apply a park brake, the motor shaft 32 ac- 
..tuates the brake pads as described above to the re- . 
quired park brake force. FIG. 2 shows the structure by 
wHich the caliper 1 6 retains and releases the park brake. 
.An electromechanical brake i>u\\ey 60 Is mounted on an . 



opposite end of the motor shaft 32. and includes a plu- 
rality of teeth 62. A park brake lever 64 is held is an un- 
applied position by a torsional spring or, more prefera- 
bly, by a magnet 66. As the motor continues to hold the 
5 required park brake force, a solenoid 68 Is activated to 
overcome the retaining force of the magnet 66 and po- 
sition the park brake lever 64 into engagement with one 
of the pulley teeth 62. The motor then releases power, 
which allows the pulley 60 to begin to rotate in the op- 

^0 posite direction and trap the park brake lever 64. The 
solenoid 68 can then be deenergized. To simplify the 
wiring connections, the solenoid 68 is preferably mount- 
ed directly on the base motor control circuit board locat- 
ed behind motor. 

15 [0019] To release the park brake lever 64, the EMB 
motor is again energized to rotate the pulley 60. The 
park brake lever 64 rides up the profile of one of the 
teeth 62 until it is latched out of position by the magnet 
66. Of course, the park brake lever 64 can be manually 

20 released by pulling a cable attached thereto. The 
present invention thus also provides a park brake fea- 
ture that incorporates an apply force method that will 
latch and remain applied under no power condition. 
[0020] While the embodiment of the invention dis- 

25 closed herein is presently considered to be preferred, 
various changes and modifications can be made without 
departing from the spirit and scope of the invention. The 
scope of the invention is indicated in the appended 
claims, and all changes that come within the meaning 

■30 and range of equivalents are intended to be embraced 
therein. 
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Claims 

1 . A brake caliper comprising: 

' a housing (14) having a bore (16); 
a piston (46) disposed in the bore; 
a motor (30) having a shaft (32); 
at least one first planetary gear (36) rotatably 

. engaged with the shaft and with the piston, the 
at least one first planetary gear being . opera- 
tively engaged with a first carrier (38); 
at least one second planetary gear (44) opera- 
tively engaged with the first stage carrier, the at 
least one second planetary gear being opera- 
tively engaged with a second carrier (46); 
a ball screw (48) engaged with the second 
stage carrier for rotation therewith; and 

. a ball screw nut (50) operatively engaged with 
the ball screw. 

2" The brake caliper of claim 1 wherein the at least one 
first planetary gear is ratably engaged with an.inslde . 
diameter pf the piston. 

3. The brake caliper of claim 1 wherein the atleastorie 
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first planetary gear Is rota tably. mounted on a pin 
extending from the first carrier. 

4. The brake caliper of claim 1 wherein the at least one 
second planetary gear is rotatably engaged with the 
first stage carrier 

5. The brake caliper of claim 1 wherein the at least one 
second planetary gear is rotatably engaged with an 
inside diameter of the piston. 

6. The brake caliper of claim .1 wherein the at least one 

second planetary gearis rotatably mounted on a pin 
extending from the second stage carrier, 

7. An electric brake caliper for a motor vehicle, the 
electric brake caliper comprising: 

a housing (14) having a bore (16); 
a piston (46) disposed in the bore; 
an electric motor (30) having a shaft (32) ex- 
tending into the piston; 

at least one first planetary gear (36) rotatably 
engaged with the shaft and with the piston, the 
at least one first planetary gear being opera- 
tively engaged with a first carrier (38); 
at least one second planetary gear (44) opera- 
tively engaged with the first stage earner, the at 
. least one second planetary. gear being opera- 
tively engaged with a second carrier (46); 
a ball screw (48) engaged with the second 
stage carrier for rotation therewith; and 
a ball screw nut (50) operatively engaged with 
the ball screw. 

8. The electric brake caliper of claim 7 wherein the at 
least one first planetary gear is rotably engaged with 
an inside diameter of the piston. 

9. The electric brake caliper of claim 7 wherein the at 
least one first planetary gear Is rotatably mounted 
on a pin extending from the first carrier. 

10. The electric brake caliper of claim 7 wherein the at 
least one second planetary gear is rotatably en- 
gaged with the first stage carrier. 
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14. 
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a pulley (60) mounted proximate an end of the 
motor shaft, the pulley having a plurality of 
teeth; 

a park brake lever (64) movable between an un- 
applied position and an applied position; 
a magnet (66) for holding the park brake lever 
in the unapplied position; and 
a solenoid (68) for moving the park brake lever 
to the applied position, the park brake lever in 
the applied position engaging the teeth of the 
pulley. 

The parking brake of claim 13 wherein the park 
brake lever is pivotable about a fixed end. 
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The electric brake caliper of claim 7 wherein the at 
least one second planetary gear is rotatably en- 
gaged with an inside diameter of the piston. 
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12. The electric brake caliper of claim 1 wherein the at 
least one second planetary gear is rotatably mount- 
ed on a pin extending from the second stage carrier. 

13. A parking brake for an electric caliper having a mo- 
tor shaft (32). the electric caliper comprising: 
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